Introduction

MicroRNAs (miRNAs)
miRNAs are small noncoding RNAs, which have been shown recently to contain ~21-25 nucleotides. The miRNAs are widely found in mammals, nematodes, drosophila, and plants. These noncoding RNAs regulate the expression of target genes and inhibit the translation of target proteins at the post-transcriptional level. miRNAs also play an important role in human health, from the development and differentiation of cells to the occurrence and progression of disorders such as cancer, cardiovascular diseases, and neurodegenerative diseases. Multiple studies have shown that miRNAs exert effects as both oncogenes and tumor suppressor genes by regulating target genes involved in signaling pathways, key miRNAs regulate the expression levels of hundreds of genes simultaneously, and other many types of miRNAs regulate their targets cooperatively; 1 the miRNA milieu, unique to each cell type, provides important context for the evolution of all mRNA sequences and is productively used to dampen the utilization of thousands of mRNAs. 2 Transcription and other nuclear events set up a column of gene expression, and then, the miRNAs, as a stone sculptor, play an important role in multiple physiological and pathological functions. 3 Hence, elucidation of the functional roles of miRNAs in human precancerous lesions could assist in the prevention and therapy of cancer.
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The generation and regulatory mechanisms of miRNAs
The human genome encodes ~3,000 unique miRNAs, with the majority being specific to humans, accounting for ~1% of the total human genome. 4 However, miRNAs are not transcribed from genes directly. Instead, longer primary miRNAs (pri-miRNAs) are transcribed from the corresponding genes by RNA polymerase II. The pri-miRNAs are cleaved into miRNA precursors (pre-miRNAs) with hairpin-like structures containing ~70 nucleotides by a protein complex formed by Drosha and DGCR8 of the RNase III family within nuclei, followed by transfer into the cytoplasm by Exportin-5/Ran-GTP. Ultimately, pre-miRNAs are cleaved into mature miRNAs containing ~22 nucleotides by Dicer, another member of the RNase III family, subsequently forming an RNA-induced silencing complex, which binds to the 3′-UTR of a target gene mRNA to regulate its expression. 5 Early annotation of miRNAs was based on their sequences and used a numbering system to classify individual miRNA sequences, which are highly conserved across species, with the same RNA sequences found among many mammalian species including humans (Figure 1 ). 6 As an important regulatory molecule of in vivo gene expression, each miRNA can regulate hundreds of target genes and different miRNAs can coordinately regulate the same mRNA. miRNAs and their target molecules together form a complicated regulatory network, which controls multiple activities in cells. 7 The abnormal expression of miRNAs results in a series of molecular changes. For example, modifications of the promoter region can alter the expression patterns. Hypermethylation of CpG islands and acetylation in promoter regions have been confirmed Figure 1 The mechanisms of the generation, morphology, and transport of miRNAs. Abbreviations: miRNAs, microRNAs; NK, natural killer. 
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The role of gene sculptor miRNAs in human precancerous lesions to reduce and increase miRNA expressions, respectively, and the miRNA promoter itself is also restricted by some transcription factors, thereby playing a regulatory role. It has been reported that the intracellular expression levels of miRNAs harboring oncogenic functions (eg, miR-106-25, miR-27a, miR-221/222, and miR-7-9) are elevated, which subsequently promote G1/S conversion and accelerate cell cycle progression. In contrast, the overexpression of miRNAs exhibiting antitumor effects (eg, the let-7 family, miR-15/16, miR-34 family, miR-124/137, miR-107, and miR-19) may contribute to G0/G1 cell cycle arrest and prevent cell cycle progression.
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The biological functions of miRNAs miRNAs are involved mainly in the regulation of gene expression. Gene expression, including transcription and translation, is a strictly controlled and complicated process. Post-transcriptional modification of the 3′-UTR is a crucial step that determines the rate of translation from mRNA to protein. 9 miRNAs also play important roles in multiple physiological and pathological functions, including development, cell proliferation, hematopoiesis, and cell death. Increasing studies have shown that tissue repair and injury, immune and inflammatory reactions, and metabolism are also largely regulated by miRNAs. 10 The role of miRNAs in angiogenesis Germination of blood vessels guarantees an adequate blood supply for cancer cells. In addition, even more blood vessels are necessary for tumor growth and metastasis. The role of miRNAs in the regulation of angiogenesis involves vascular miRNAs. 11 For example, miR-126, found in exosomes derived from bone marrow suppressor cells, has been identified as a vascular miRNA associated with pulmonary metastasis in mouse breast cancer 4T1 cells. 12 Cytokine VEGF is a proangiogenic factor, and the transcription factor HIF-1α is an antiangiogenic factor, both of which are directly or indirectly controlled by miRNAs during angiogenesis. 13 miR-210 is secreted and expressed in lung adenocarcinoma cells induced by the activation of the TIMP-1 pathway, which downregulates the antiangiogenic gene HIF-1α, thereby promoting angiogenesis.
14 In contrast, miR-16 released by mesenchymal stem cells in the tumor microenvironment reduces angiogenesis by inhibiting VEGF. 15 In nontransformed human bronchial epithelial cells cultured from transformed human bronchial epithelial cells, endothelial formation occurs in the presence of elevated miR-21, which is a marker of angiogenesis. 16 The role of miRNAs in immunity 17 miRNA provided the best-characterized processes for immune cell development, and genetic deletion of miR-223 results in an increased expression of its target myocyte-specific enhancer factor 2C (MEF2C), which drives myeloid progenitor proliferation and expansion of the granulocyte lineage. The zinc finger protein GFI1 is a transcriptional repressor that is crucial for granulocyte differentiation and directly binds to the miR-21 and miR-196b promoters; enforced expression of these two miRNAs results in a block in granulocyte differentiation. 18 Immune cells generate various growth factors, angiogenic factors, proteases, chemokines, and cytokines, thereby resulting in the clearance of tumor cells or formation of immunosuppressive microenvironments. Relevant immune regulation of miRNAs can serve as a bridge between immune reactions and cancer. 19 miR-181a can regulate B-cell differentiation and T-cell differentiation, and a lack of miR-155 leads to B-cell immunodeficiency. The miR-17-92 series is detected in T cells and DCs, and miR-34c and miR-214 are considered damage-associated molecules. 20 In macrophages, miR-125b, miR-146, and miR-155 function as pathogenicity-associated molecules. Macrophages exist as two distinct phases in the tumor microenvironment, such as antitumorigenic M1 macrophages and tumorigenic M2 macrophages, and the polarization of M1 to M2 macrophages is regulated by miRNAs. 21 Intriguingly, miRNAs target not only cancer cells but also stromal cells, such as cancer-associated fibroblasts and lymphocytes, thereby transforming the normal matrix into tumor-associated stroma, which is critical to carcinogenesis as well as tumor progression and metastasis. 22 The role of miRNAs in metabolism miR-22, let-7a, and miR-125b prevent mitochondrial oxidative phosphorylation and induce metabolic changes in tumor cells, mimicking a hypoxia-induced phenotype. 23 The miRNAs miR-22-3p, let-7a-5p, and miR-125b-5p are secreted by cancer-associated fibroblasts and promote the viability of prostate cancer cells by targeting oxidative
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wang et al phosphorylation-associated genes, such as cytochrome C oxidase I and cytochrome B. 24 The miR-122 levels are elevated in extracellular vesicles secreted by breast cancer cells. These cells are absorbed by noncancerous brain astrocytes and lung fibroblasts, the areas of which are initiated as "pre-metastatic niches." In these noncancerous cells, elevated levels of miR-122 reduce the levels of glycolytic enzymes, pyruvate kinase, and glucose transporter 1 in the brain astrocytes and lung fibroblasts, which allow cancer cells to regulate their supply of glucose and ATP production. 25 miR-122 is the most abundantly expressed miRNA in hepatocytes, and its functions include the regulation of lipid metabolism, replication of hepatitis C virus, cell differentiation, and hepatic metabolism. Reduced expression of miR-122 leads to mitochondrial dysfunction and subsequently hepatic dysfunction. 26 A recent study has reported that miR-126, considered a vascular miRNA, also controls tumor metabolism by suppressing insulin receptor substrate 1. 27 Insulin receptor substrate 1 is an insulin-like growth factor 1 receptor or scaffolding protein of the insulin receptor, which can enhance the signals of these receptor pathways. 28 Cancer cells and secretory miRNAs generated by cells in the tumor microenvironment regulate metabolic pathways and promote survival and metastasis in autocrine, paracrine, and endocrine patterns. 29 The role of miRNA in inflammation Inflammation is initiated by innate immune cells in response to external stimuli such as pathogen-associated molecular patterns and host-derived damage-associated molecular patterns. These cells initiate signaling cascades that activate key transcription factors and regulators such as NF-κB, AP1, and MAPKs, all of which regulate inflammation-specific genes. NF-κB signaling is affected by miRNAs, which target either the upstream NF-κB activating kinases (IKKα or IKKβ) or other NF-κB signaling components. 30 In prostate cancer, the tumor suppressive miR-497 regulates NF-κB signaling by targeting IKKβ, which activates canonical NF-κB signaling leading to the inhibition of prostate cancer cell proliferation, migration, and invasion. Importantly, miR-497 expression is reduced in prostate cancer cells, leading to a more aggressive tumor phenotype. 31 miR-520/373 was further analyzed and was shown to inhibit NF-κB in estrogen-negative breast cancer cells, which further resulted in the downregulation of NF-κB targets such as the proinflammatory cytokines IL-6, IL-8, CXCL1, and ICAM-1, leading to the inhibition of tumor-related inflammation and suppression of tumor growth and metastasis. miR-199a negatively regulates the expression of IKKβ in ovarian cancer cells and inhibits the secretion of proinflammatory cytokines, thereby causing the suppression of tumor progression and chemoresistance. 32 NF-κB also influences the expression of miRNAs. Several miRNAs, including miR-9, miR-21, miR-30b, miR-143/miR-145, miR-146a, miR-155, miR-221/222, miR-224, miR-301a, and the miR-17-92 clusters, have been validated as targets of the NF-κB transcription factors, In tumor-associated inflammation, the proinflammatory cytokine IL-1 leads to the activation of NF-κB and subsequent upregulation of miR-425 in gastric cancer cells. miR-140 acts as a liver tumor suppressor by negatively regulating NF-κB activity by directly targeting DNA methyltransferase 1 (Dnmt1) expression. In this cellular context, NF-κB suppresses miR-140 expression, resulting in the upregulation of DNMT1 and increased NF-κB activity, forming a positive feedback loop that promotes liver cancer. Finally, an interesting example of NF-κB-regulated miRNAs is that of miR-221/222, a miRNA family with a dual functional role, acting, in different cellular contexts, either as oncomiRs promoting cancer progressionor as tumor suppressors, promoting cellular senescence.
33
The morphology and transport of miRNAs in vivo
It is now widely accepted that ~10% of miRNAs are secreted via exosomes. The remaining 90% are transported in stable complexes such as Argonaute 2, high-density lipoproteins, and nucleophosmin 1. These complexes may protect miRNAs from degradation in body fluids. Circulatory miRNAs in bodily fluids are either complexed with proteins or packaged in exosomes and called "secretory miRNAs". 34 Exosomes are lipoprotein complexes 40-100 nm in diameter containing endocytosis and are formed by internal budding of the endometrial membrane. They are intracellular multivesicular bodies that subsequently fuse with the plasma membrane, followed by their release into the extracellular space. The miRNA-containing complexes are released into biological fluids, such as blood, saliva, milk, urine, and cerebrospinal fluid. These complexes serve as small RNA delivery systems, which likely interact with distant cells via blood circulation, allowing miRNA-mediated cellular interactions. 35 Small, closed membrane vesicles generated during apoptosis, called apoptosomes, can deliver specific miRNAs. 36 The delivered miRNAs play a role in recipient cells where they regulate target genes and their corresponding signaling pathways. 
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The role of gene sculptor miRNAs in human precancerous lesions immunosuppressive cells, such as myeloid derived suppressor cells and regulatory T and B cells. 37 These miRNAs are considered to be "dark matter", which exists almost everywhere around us but almost never escapes from all our sight. This discovery is an important complement to the secondary, intermediary role of RNA in central metabolism.
Detection methods
The isolation of sterile secretory miRNAs is a challenge in studying the physiological significance of these miRNAs in bodily fluids. Pure exosomes must be isolated prior to RNA extraction. Exosome-associated structural features, including density, size, shape, and surface markers, are used in exosome isolation techniques. The currently available approaches include ultracentrifugation, immunoaffinity capture, and isolation techniques. Ultracentrifugation is considered the "gold standard" for isolating exosomes. 38 In ultracentrifugation, exosome enrichment is based on size, mass, and density to remove contaminants, including intact cells and cellular debris. Exosomes can be compressed into balls, allowing density gradient centrifugation to be used for purification. 39 Size-based isolation techniques have also been used to isolate exosomes, in which particles are separated by molecular mass or size exclusion chromatography. Although this method is faster than ultracentrifugation, the filtration forces may disrupt larger vesicles, and hence proper control is necessary. 40 Adherent exosomes can also be isolated by immunoaffinity capture techniques using submicron-sized magnetic particles targeting the surface proteins expressed on exosomes. 41 After obtaining high-purity exosomes, miRNAs can be extracted from the vesicles. 42 Reverse-transcription quantitative polymerase chain reaction is a traditional and routine method for detecting miRNAs in real time and has the significant advantages of a high sensitivity, wide dynamic range, and great precision. 43 However, this technique is hampered by the short length of miRNAs (21-25 nucleotides) and the similarity among homologous miRNA family sequences.
Various novel miRNA analysis methods incorporating bioluminescence, enzymatic analyses, molecular beacons, deep sequencing, and chain reactions based on lock nucleic acids have been developed but with certain unavoidable drawbacks. The bioluminescent protein Renilla luciferase is used as a marker in bioluminescence assays using a simple operation. 44 Enzymatic analysis has the advantage of strong signals but the disadvantages of relatively low specificity and sensitivity. 45 Deep sequencing can be used to analyze absolute miRNA levels rapidly and quantitatively but at a relatively high cost. 46 Chain reactions based on lock-nucleic acids require immobilization 47 and separation as well as the design of complicated DNA probes, 48 which limit its application. Because of the short length and low abundance of miRNAs, it is necessary to amplify the signal to improve the sensitivity of detection. It has been reported that singlemolecule array (Simoa) technology uses a sandwiched ultrasensitive detection method to detect multiple miRNAs directly without preamplification, which is effective for a range of different target sequences and is a generic method for miRNA detection. 49 However, multiple experimental challenges, such as standardized methods and strategies, remain to be solved for each of the above detection methods.
miRNAs and precancerous lesions Precancerous lesions
Medically, the general order of lesion progression is "early biological effects," followed by "early disease", eventually "disease states," and ultimately cancer as the final stage of disease progression. 50 Precancerous lesions occur prior to invasive carcinomas, which are defined as any morphologically differentiable, proliferative lesion (atypical cell differentiation). 51 However, in clinical practice, the definition of a precancerous lesion is not clear, because it is not cancerous and exhibits variations at the molecular and cellular levels in the pathway leading to cancer. Therefore, precancerous lesions should contain the following characteristics: 1) association with an increased risk of cancer, which excludes cellular atypia, monoclones, cytogenetic marker mutations, and specific mutations; 2) cancer cells originate from the precancerous lesion cells upon progression to cancer; 3) the precancerous tissue differs from normal tissue; 4) precancerous lesions differ from tumor progression despite certain (not all) molecular and phenotypic features of cancerous features; and 5) a clear diagnosis of precancerous lesions. 52 Under most circumstances, the precancerous lesions include dysplasia, atypical hyperplasia, carcinoma in situ, epithelial sarcoma, and early malignancy. However, in practice, the most commonly used distinctions between precancerous lesions and cancer include matrix infiltration and diffusion potential. 53 Many epithelial tumors tend to extend into adjacent normal glands or tubular structures and mimic intrusions. During the progression from precancerous lesions to invasion into stroma, cancer cells exhibit self-sufficient growth, insensitivity to antigrowth signals, escape from apoptosis, unlimited replication potential, and sustained angiogenesis, as well as tissue infiltration and metastasis of certain malignant cells, although the majority OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com
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wang et al of cells in the lesion are still noninvasive. 54 Most cancers have identifiable precancerous lesions. For example, cervical intraepithelial neoplasia progresses to cervical squamous cell carcinoma, bronchial squamous epithelial hyperplasia progresses to lung squamous cell carcinoma, colorectal adenoma progresses to colorectal cancer, and vocal leukoplakia progresses to laryngeal cancer. These precancerous lesions have common causes, including long-term smoking, infections, bronchial epithelial metaplasia, and stimulation of gastroesophageal reflux.
Mechanisms of carcinogenesis
The mechanism of carcinogenesis is a very complicated process involving multiple stages and multiple gene synergies (Figure 2) . Carcinogenesis results from the activation of various oncogenes and the inactivation (or deletion) of tumor suppressor genes, including gene mutations, gene amplifications, chromosomal translocations, and gene insertions. Mutations of oncogenes and tumor suppressor genes include both germline and somatic mutations. The majority of tumor genetic changes are acquired (somatic mutations).
Activation of oncogenes and inactivation of tumor suppressor genes eventually lead to uncontrolled cell division and ultimately to tumorigenesis. 55 The products of oncogenes and tumor suppressor genes are involved in many signaling systems and levels, from the outside of the cell membrane to the nucleus, leading to an imbalance between cell growth and differentiation and eventually metastatic cancer by regulating extracellular and membrane signal transductions, G proteins and GTPase activating proteins, signal transmission from the membrane to the cytoplasm, intercellular signal transmission, signal transmission from the cytoplasm to the nucleus, and intranuclear signal transmission. 56 The abnormal expression of miRNAs in human tissues and blood is closely associated with the occurrence, progression, and therapeutic response of precancerous lesions. Hence, miRNAs are very promising as targets for cancer therapeutic agents.
Specific miRNA expression in tumors
Based on the molecular mechanism of miRNA, does this mean that many of these other mRNAs would in fact be targeted if expressed in the same cells as the cognate miRNAs? Perhaps not the miRNA milieu, unique to each cell type, provides important context for the evolution of all mRNA sequences and is productively used to dampen the utilization of thousands of mRNAs. For mRNAs that should not be expressed in a particular cell type, miRNAs reduce protein production to inconsequential levels. miRNAs could adjust protein output in a manner that allows for customized expression in different cell types yet a more uniform level within each cell type. The quality and stability of base pairing are in fact the primary determinant of specificity -should also be considered. After all, this complementarity requirement includes a seven-nt perfect or near-perfect core match near the 5′ terminus of the miRNA, 57 which by itself would represent a degree of specificity comparable to that of the DNA sites recognized by many transcription factors. Pairing outside the 7 nt core site, although perhaps less important than once thought, provides means of conferring added specificity, 58 and the abnormal expression of specific miRNAs can be detected in precancerous lesions and tumors at the molecular and cellular levels.
Compared with healthy controls, certain miRNAs are upregulated in patients with colorectal cancer, even during the early stages, compared with seven in vitro cells (let-7a, miR-21, miR-98, miR-146, and miR-183). 59 In pancreatic tumors, miR-20a, miR-21, miR-24, miR-25, miR-26b, and miR-99a are significantly upregulated, 60 while miR-126, miR-145, miR-223, miR-492, miR-505, and miR-663a are downregulated. 61 In breast tumors, miR-96-5p, miR-127-3p, 
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The role of gene sculptor miRNAs in human precancerous lesions miR-133a, miR-145, and miR-148a are upregulated, 62 while miR-103, miR-107, miR-195, miR-200c, and miR-451 are significantly downregulated. 63 In prostate cancer, miR-326, miR-328, miR-331-3p, and miR-375 are upregulated, 64 while miR-30c, miR-181a-2, let-7a, let-7c, let-7e, and miR-432 are downregulated. 65 In melanoma, miR-210 and miR-211 are upregulated, 66 while miR-29c, miR-324-3p, miR-509-3p, and miR-509-5p are downregulated. 67 In bladder cancer, miR-26b-5p, miR-144-5p, miR-148b-3p, and miR-152 are upregulated, 68 while miR-15b-5p, miR-27a-3p, miR-30a-5p, and miR-92a are downregulated. 69 miRNAs circulating in blood identified as candidate biomarkers of various cancers are provided in Table 1 . Those miRNAs downregulated in tumor tissues are called tumor suppressor miRNAs. Therefore, precancerous lesions are accompanied by relevant changes in miRNA expression. 70 For example, in laryngeal epithelial precancerous lesions, the expression of miR-10a-5p is downregulated while that of miR-34c-5p is upregulated; miR-10a-5p expression is positively correlated with the grade of laryngeal epithelial precancerous lesions and sex of the patient, while miR-34c-5p expression is associated with alcohol consumption. Statistical analyses have shown that miR-10a expression in laryngeal epithelial precancerous lesions is higher in female patients than in male patients. In contrast, the expression of miR-34c is lower in female than male patients and the expression of miR-34c is higher in drinkers than in nondrinkers. 71 miR-484 is the most abundant miRNA in hepatic precancerous lesions. Bioinformatic and functional studies have shown that miR-484 regulates the transforming growth factor beta and nuclear factor-κB pathways to induce hepatocellular carcinogenesis, while depletion of miR-484 in mice prevented precancerous lesion progression and tumorigenesis. 72 Intraepithelial neoplasia is considered a precancerous lesion of esophageal squamous cell carcinoma. E-cadherin, encoded by CDH1, is an important suppressor of tumor metastasis and a potential target of miR-25. Low and high E-cadherin levels are observed in cell lines with high and low miR-25 expressions, respectively. In addition, miR-25 can promote cell proliferation by inhibiting E-cadherin. Hence, miR-25 expression may be elevated in in esophageal squamous cells in intraepithelial neoplasia compared with normal tissue.
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Conclusion and prospects
The identification of specific miRNAs in sample tissues or biological fluids would be critical not only for understanding the physiological and pathological processes of diseases but also for treating cancerous cells during the early stages by taking advantage of miRNA mechanisms. Overall, these future studies have the potential to assist the development of novel therapeutic strategies for cancer treatment.
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